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» Polarized DIS: Spin crisis, world data, sum rules,‘ NLO analyses
o A7 at large-z

» ¢ in the resonance region, Generalized GDH sum rule

» The ¢y structure ft_lnction'

» Duality in spin structure functions



UNPOLARIZED DEEP INELASTIC SCATTERING
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¢ & = electron scattering angle-(lab frame)
¢ Q)? = - §— v? = 4-momentum transfer squared

e v = E — E' = energy transfer
2
2Mv

e = Iis the fraction of the nucleon momentuin carried by the “struck”
quark.
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POLARIZED DEEP INELASTIC SCATTERING
(ITNCLUsTVE)

do 4 2EI ‘ ’ , | 9
dQdE! (“T ) = MZ)Q [(E +E cos(e)) a(z, Q%) - %.gg(m., )

do | ‘ 4o’ E" sin(6 '
deE’(\L:} - T=>) == MQ2E'V(2 ) [Vgl{.‘lf, Qz) + 2Eg2($5 Qz)]

e Can also write in terms of virtual photon absorption cross-sections
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Polarized Deep Inelastic Scattering

Measure asymmetries

4 N Nyt 1
L (N”-!- NTT) [PPy

fisa dllu’uon factor to account for scattermg from
unpolarized nuclei. -

P, and P; are the beam and target polarizations

Obtain polarized structure functions:

x, Q> | B
g'l(CB, Q2) == Fl( 1;Q ) [A“ -+ tan(9/2)AL]
9 Fi(z,Q% [E + E"cos 0 , |
gg(ﬂ}.,Q ) = - (_D’Q ) [ Fl ( )A_;_ — mn(@)AH]

D and D’ contain kinematic factors and
unpolarized cross section -



Quark Parton Model

In the limit where Q? — oo, the nucleon consists of

3 non-interacting valence quarks plus “sea” quark
pairs. In this simple picture we can write:

Ny |

Fi(@) = Z et [(a](@) + a}(a) + (gt @) + a}@))]

91(z) = 22 [ I@) +3(@)) - (¢} (@) + 3(@))]

gt is the probablllty of finding a quark with it’s spin
parallel to the nucleon spin.

e; is the charge of the quark.

From this we can write the foiiowing sum rule:

-l
P Pl Vdy = — el il
IR _A/o g1 (x)dz = 18Au + Ad+ 18A3

where

pu= [ [0l + e - (o) + )] do



Or, expressed in terms of the SU(3) flavor
comblnatlons -

o 1 1
% = [ P(a)de = —Ags + —Age + AT
! /0 gi()dr = o 0qs + 220G +

where -

A =Au—Ad=F+ D =12601+0.0025 %
Ags = Au+ Ad — 2As =3F — D = 0.579 £ 0.025 X
AY = Au + Ad + As |

and |

AY is the fraction of the nucleon spin carried by the
quarks.
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Nete:

" Sum Rules

Ellis-Jaffe Sum Rule (assume As = 0)

AY = Ags = 0.579 + 0.025

Y 1/1 5
Y. = : gl(:c)da::g :‘Z-A%_}_EAQS |
= 0.172 % 0.003, Q2 = 3.0 (GeV/c)?
1
1
I = f g?(m)dng(——-A% *Aqa) |
o b

= —0.020 £ 0.003, Q? = 3.0 (GeV/c)?

Bjorken Sum Rule

Derived before QCD using current algebra. Assumes
|sosp|n symmetry and QPM. |

| 1
. - . 1
7 = / (g7 (x) — g7 (x))dx = gﬂ%
0

= 0.181 £ 0.003, @ = 3.0 (GeV/¢c)?

Esseatin| element  in above <sam rules
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SUMMARY OF DIS EXPERIMENTS

Experiment z-range | Q’-range (GeV?) | Ref.
Proton ]
E143(p) 0.027 -0.749 1.17-9.52 [
HERMES(p) [ 0.028 -0.660 | 1.13-7.46 [2]
E155(p) 0.015-0.750| 1.22-34.72 [3]
SMC(p) 0.005 - 0.480 1.30-58.0 [4]
EMC(p) 0.015 - 0.466 3.50-29.5 51
Deuteron

E143(d) 0.027 -0.749 1.17 -9.52 (1]
E155(d) 0.015-0.750 1.22 -34.79 [6}
SMC(d) 0.005 - 0.479 1.30-54.8 [4]
Neutron T [
E142(n) 0.035 - 0.466 1.10-5.50 [71
HERMES(n) | 0.033 - 0.464 1.22-5.25 [8]
E154(n) 0.017-0.564 1.20-15.0 [9V[10]}

Source ! Blumleins By tcher , hep-ph (020355
- References _

[1] K. Abe et al., E143, Phys. Rev. D58 (1998) 120003.
[2] A. Airapetian et al., HERMES collaboration, Phys. Lett. B442 (1998) 484
~ [3] PL. Anthony et al., E155, Phys. Lett. B493 (2000) 19. B
[4] B. Adevaet al., SMC collaboration, Phys. Rev. D58 (1998) 112001.
[5] J. Ashman et al., EMC collaboration, Phys. Lett. B206 (1988) 364; Nucl. Phys. B328 (1989) 1.
[6] P.L. Anthony et al., E155, Phys. Lett. B463 (1999) 339,
[7] PL. Anthony et al., E142, Phys. Rev. D54 (1996) 6620.
{8] K. Ackerstaff et al., HERMES collaboration, Phys. Lett. B404 (1997) 383.
[9] K. Abe et al,, E154, Phys. Rev. Lett. 79 (1997) 26.
[10] K. Abe et al. (E154), Phys. Lett. B405 (1997) 180.

H(’J‘M@ﬁ eru{‘-Eron oﬂa'[_a-—‘ PrQ{?MMm‘? aq-c»{'q ha'{’ SPIN 2002,



SJL AC

EWs, ei5t F/55 Results

05 |

July 2000

® EI158
O El43
X SMC

80800 g OO0

E155 systématic error

1 1 Illllli ER L ]

‘"cﬁ " EI53
- O EM3

*
) J‘} %i *d+_¢_¢z%_¢_¢_‘°‘fo_o_%o_°_‘§§q‘i‘%°_o_@fo_Qo@ N

X SMC
at Q=5 GeV?

- E155 systematic error

0.3 -

b © | O E154
: A Hermes
at Qz=5 GeV?

E155 systematic error

| S T N

i i llllil' 1 I 1

107!

xBj

Da%a ’éq ken OL'{" &;-F'Fer-ela'!f I--V"\['*('es O'F_ Qz
evolved 40 a Commen Q%= S GeV® assumy

Y i indepeadest of Q

PLB 493 (1000 (9




Wor%af hata 'FO(‘ %f’

fba’é‘dﬂ
;_____-
July 2000
3 i  x=0.008 (x 2048)
103} Laee .
- Tj( x=0.015 (x 1024)
e % _JF __ x=0.025 (x512)
2—_ bocmg=="""" 7" * x=0,035 ( x 256)
1021 [ D
E -a-2-eT + i . x=0.05(x128)
- &-9--.""'-—-f‘t-*
s + oo Koo, XD0B(x6H
l ?-'-ﬁ)*‘ﬁ'p"p’"*“ T
10 . ¢ _ ¥ L. x=0125(x32)
E__O._..._O-A-Q—-.-O--—-‘."""‘-‘F .
E < - O @O mm g == .jr__ - e . X=0.175(x 16)
. = -y -
Sy
) "..(.>.._O___,__._Q_B_O__._g_i__.___j,____*__.x=0.25(x8)
1| S .
- .--'--9"'%"6"0""-0----# _____ x_ =035 (xd
: TTTe-l24 x=0.5 ( x 2)
--.._
107 | om===- S Hoo.
E | e E155
i ~ ' o £143
1071 #"‘qr-u | x SMC
- "'+ x=075(xn| » HERMES
.k i 1 Lo el 1 L I-T‘.;,}l . *EMC
' , 2
1 10 10

Q* [(GeVic)’]

'f)r‘oao( kinematic coverage ailows NLO analys:s.



Factorization of ¢;

Factorization theorem allows us to write:

Ny

oy 1 1 |
gi{x, Q ')- = .izq: [O ® (Aq + Aq) + FfCG ® AG}

where

(C2a)( Q%) = / iZ-C’ ( - )Q(.z,Qg)

i

e Choose Ny =3

¢ Cy,a(x, as) correspond to hard scattering photon-
quark and photon-gluon cross sections.

e Calculated in pQCD as an expansion in powers
of Qg

Cp(z, as) = OV (z) + asc(”(m)

* In leading order, we recover the s:mple QPM
i) = 6(1 — 2), C(O) =0

. @ IBQ Jf&! AGF art F Iﬁw*f=€c€ (Jw ’FWI lS"fV‘t bh‘h'ﬂns
M)‘nch {,‘aﬂnwi‘ be. calc wlo el per Fur bot J@{/



SLAC BISS VLO Lits
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E155 NLO FIT RESULTS

| AW, =0 THE0.02200%
e Quark Spin Contribution Ady = o452 093802
AY =0.23+0.04 £ 0.06 at Q% =5 GeV?2.

o Ellis-Jaffe Sum Rules predict AY = 0.58.

— As #0
. BJorken Sum Rule at Q2 = 5.0 GeV2:
[Ig?(z) — g} (x)]dz = 0.176 £ 0.003 = 0.007.
o Theory

[l () — gP(z)]dz = 0.182 +0.005
(up to third order in a,).

e AG=16=x08=%1.1.
» Spm Sum fule '/LAZ + MG+ <L = /o

PLANS TO MEASURE AG

e Electrons don’t directly interact with gluons.

o COMPASS at CERN—-Photon-gluon fusion to pro-
duce charm mesons using high-energy muon beam.

e RHIC Spin Physics Program-gluon-gluon fusion
via polarized proton-polarized proton collisions.

¢ SLAC Experiment E161-Photon-gluon fusion us-
ing real photon beam.




-NLO Ana[ys:‘s‘
:T B[:M(ec\ﬂ aao‘ #‘ B&'ﬁ‘céer

hep-ph/ozo3 15S
Nuc, Phys. B 636 (2002) ZZS’

0.1 — xgf(x)
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Virtual Photon-Nucleon Asymmetries

L Ao (,@) — 7l @)
1= 1/2+ 3/2 o F1($,Q2) ;

o For v* = @%/v? = 0 (high energy), A~ gi/F;

Ao 20 a1(2,Q%) + g5(2, Q%)
2= 1/2+ 3,/2 v Fi(z,Q?)

e Positivity constraint, |A,| < -\/R(x’.'QQ)‘,Where

20‘1;

Q?
R(z,Q°) = 1/2+ 3/2

flso e As Qoo A RO
@ AL 5@!'334."!(":&@ i@ GCD &.-f— ;1}1:’["9 Qz:
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ﬁf 'f'heoc7 curves

(1) caM
(2 LSS g1/ F) at Q? = 5 (GeV/c)?
(3) Statistical Model A, at Q2 = 4 (GeV/c)?
(4) Local duality A, |
(5) Chiral soliton model at Q% = 3 (GeV/c)?
(6) Basic SU(6) A7 = 5/9
(7) E185 fit gy / Fy




A} World Data and Theoretical Predictions
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® CQM N.Isgur, Phys.Rev. D59 (1999) 034013
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® pQCD (LSS-BBSY): E. Leader, A.V.Sidorov, D.B.Stamenov, hep-ph/8708335

- Polarized & unpolarized parton densities by Brodsky, Burkhardt and Schmidt
(eBS); |
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® pQCD (L832001) E. Leader.AVSidorov, DB. Stamenov, hep-ph/0111267 ,-
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~ calculation done for "1 /F1 at Q2 3,5, 100 (GeVlc)
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) Chiral Quark-Sollton MIDCIQ'
H \Weigsl, L. Gamberg ancl H. Heinhardi Phys Lett 3399 287 (1997), Phys Rev.
Ds5, 6910 (1997).

- Two flavor chiral soliton approach to baryoné, based on the Bosonized
Nambu-Jona-Lasinio (NJL) model; '

'~""Model'dégrees"offreedonrare*effectiver constituent quarks; -

~ Tentative calculation done for £ atQ?=15, 2.0, 3%0 (GeVic).
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Experiment E99-117

MEASURED A} AT

XE;j 0.331 0.474 0.609
Q? (GeVic): | 2738 3.567 4.887
W2 (GeV/c)? | 6.426 4.846 4.023

through e~ asymmetries Aj and A, ininclusive &~ — 3He DIS;

EXPERIMENTAL SETUP_
o Jefferson Lab(JLab) polarized e~ beam, 5.734 GeV, Pyeam = 81%, 12 A
e Hall A polarized 3 He target, ~ 10 atm, Piarg = 40%

¢ Two Hall A High Resolution Spectrometers (HRS) at symmsiric pasitions
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AT Pfeliminary Result
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At @ JLAB 12 GEV UPGRADE

e Precision measurement of spin asymmetry in valence quark region

o Decisive test of pQCD vs quark model, insight to quark-gluon wavefunctions

2 0 2<10{GaVic )3
TINAF at $1GeY, 160A | ™
SLAC E142 (*He)
SLAC E143 (D)
SLAC E154 (*He)
Hermes (He)
SMC (°D)
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R esonance Reg (vl

Polarlzed Electron- Nucleon Scatteuno

| V= F-F°

—Q'L: 4 -wromendum
*ransfor tquarec

¢ Inelastic scattering described by two spin
structure functions, g,(x,Q*) and g,(x,Q?)
which are well known for 0% >1.0-GeV”>,

e Not well-known in resonance region and
at low Q°. |

o Closely related to virtual Compton scattering
which is described by spin- dependent

amplitudes $,(v,0?) and S,(v,Q?).




Gerasimov-Drell-Hearn Sum Rule |

e Dispersion relation connects virtual Compton
amplitude S, to spin structure function G ;> 4%

S,(v,0Q*%) = 4_';2 /2Mdv V2 _ 2

e Atv,Q’ =0, low energy theorem states,

K.Z

S,(0,0) = 7

also, G,(v’,0) = ﬂla[ol,z(v) G50 (v )]

e O, are photon absorbtion cross sections

i is the anomalous magnetic moment of the nucleon

Q'L:O ¢? real Phafofq qucDI"’a‘f‘l‘on

G"D HSum cules

e S0 Deell, A.C HQarn} PRL 16 (C(OS') 1@6@

S .
.wB. G‘Q(‘QScmo\/) SO\I. 3_ Nuc,i. Pluys, '1 (.*-f'30> 1?((9



-(ia. asimov-Drell- Healn ‘mm l< T

» From these relations, we obtain the
original (0*=0) GDH sum rule.

2

o L \qdv | 2na
Ipy = Iv,,,, [Guz (V)"’f'asm (V)]";": YA K’ |
Iy = 204 SMb I ==232.5ub

e For 0* >0, substitute virtual cross sections,

IV;:. [G'liz(v Q )~ f’m(V,Q )](1 x)
B Iv,,, 20,,(v,0")(1- x)——

» 0., related to the spin structure functions,

{g;( 0"~ Q—-gz(x,Q )]

4:: o

ﬂ'ﬂ(an )(1,_., xX)=



Generalized GDH Sum Rule |
Ji and Osborne, hep-ph/99054104 N

° Gen_eraiize the GDH sum rule for any

Q’ as follows: |
(f‘eciuce.s to aq':O GDH Sum f‘ule.[!)

o0

5,(0,0*) =4

Q*12M

Gi(v.0H <~

e For Q* <0.2 GeV?, the nucleon is
hadron-like, and S,(Q?) can be described
using chiral perturbation theory.

e For 0% > 0.5 GeV?, the nucleon is
quark-like, and S, (Q?) can be described
using a twist expansion and pQCD.

» In the transition region, 0.2 < 0* <0.5 GeV?,
‘the behavior is not well known.



Connection to the Bjorken Sum Rule

° Using the relations

_o
gl(xQ) MVG,(v,Q") and x=-=-

we can re-write the gem,rahzed GDH sum:

50,07 = 4j crl(v,Qz)-‘%‘-’-,

Q*12M

=0 > [ 61 (x. 07

e Using the OPE, it can be shown as Q* — oo,

; 4 |
Slp(09Q2)_S1 (09(22) - 3Q2 gA | |

which gives the ijrken Sum Rule:
I Iy 2 'n 2 | 1 '
Jole! 60" -l (x, 0Mdx=~g,
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GDH Integral on the Neutron ~ NUC |~ €4/0205020

Subms fleod  fo PRL
Jefferson Lab E94010
50 r- | l I ' ] 1§

) —_M
< Hermes (DIS) _M_.ﬂI -? .
GDH Sum Rule 1= /ﬁeb: ;nw '
* Ho | - ebel

O Resonance
B Resonance+DIS

GDH Integral (pb)
|
2

04 06 0.3 : |

| flermes g FLB Yuy (1948) 53
) hep-ex (9359015



GDH Integral (ub)
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Resonarce 4, and A, forproton and deutersn
H@l[ C - Ft’,ce,q-f'ff GO‘MP(f?Léd( ; QZNI'_-Z_GGVI

E-01 -006: expected results

x {appraximate only)
082 072 062 052 042 032 022

0.80 SR —
, r PlMeddmgSIACElSSg?IF'{(—A?JDISﬁJ
0.60 |-
R’ " i
I oaf
2 -
§ 0.20 |- i§§§$$
0.00 F ‘ 19235
g oy 2§ 3
020 £
_0_40‘:..I...l...l...l...
Z Plotted along AS™" from DIS fit
0.40F '
-0.40 3 o Expected E-01-006 resuits
L OARA 1001
.0'6(1.0 - 12 1.4 1.6 1.8 2.0

W([GeV]

Proton A

Proton 8A,

O, Rmcﬁaﬂ ; M. Tones

1.00
A Plotted along E143 A ;® DIS fit

0.80_-
0.60 -
0‘40 -_ ;}i!!!!i!i!!!-.!.!---z

- TERE Ny gy
0.20 |-
0.00 |- P
-_ 0 NI EPT S ST PRI P
10 Plotted along A 2 = VR
0.80 |- .
0.60 |- )

{i!!!!i!!!i!!n.n‘l!ﬂll!! Tanme
0.40 |-
0.20 |- . .
0.00 — o Bgecid
0.20 [ ! . . | OARA 11411
10 1.2 14 1.6 1.8 2.0

W [GeV]

19



T-AvER &N

The g» Structure Function

e Unlike g, the g, structure function does not have
a srmple QPM interpretation. |

e It is sensitive to quark-gluon exchange between
constituent quarks, as well as quark mass
contnbutlons

e Usually interpreted in the framework of the
Operator Product Expansion:

Operator Product Expansion

DIS related to the virtual Compton scattering via the
Optical Theorem




ﬁﬁ’i‘@ Cg,; S%i‘aaﬁa s“@ ff.:;m @71';‘{;;»}

Higher -twist terms represent contributions fmm
quark-gluon interactions: |

l'eac!;'n@) ‘Pw.’st-—:-?. | -tm.si-“a l(-‘-s)yz' 'éfwr-l"q @)

Leachng Twist=2, higher twist terms are supressed
by additional powers of 1/Q).

g2 is a unique place to look for higher twiét due to the
following decomposition from Wandzura & Wilczek:

M2\ 9 11‘ . P ~
92(33)@') — [:“gl(xaQ )+[ El'gl(y)Q )d%QZ

g2(z, Q%) 95" (2, Q%) + ga(, Q%)
l ot 't

| twist-1 ‘\u'3ker Twist |

S0, by measuring ¢g; and g, precisely, we can
directly access higher twi’st effects. JLAB E97-163, K. Kramer

Ao Ny %:?, ﬁa?m 353 5%%"&1*;;, RIS ;@’WH é—i*ﬁf? does

ﬂ{,){} i.a&?ﬁiwhy\ Jg;?]’ 3 Pon’ Y;a%’l"";ﬂg



Teflersen Lab
E97-103 OVERVIEW

n measurement of 93(x, Q%) as a function of Q?
2.

n Aug-Sept, 2001.

ized electron scattering from longitudinally and -

larized *He target, *He(é, ¢ ).

ent spectrometers measuring at same kinematics.

lems: Raw asymmetry ~ 700 & 200 ppm. Sensi-

e



Mg, from E155 it
to gi/F; data

® crsv-NLO

Il BB-NLO (scen. 1)

B BB-NLO (scen. 2)

Preliminary .
£97-103 results







g](x) &gz(x)

£ 14-010 3?“00165': at 'F*‘Xeqa( aQ*

,@.Sagfta.nc,a rea { o

(=

-0.1

0.1

0.1

-0.1

0.2 H

-0.2

U‘% g;@‘,’bi.a’%’t, |
I $50°"ee, 5

¢ : '0."....
 G*= 090GeV?
N
| + 1Y el ”'s;
[ .o' ®oq ..ofs'
°

| HL+ *’s""‘
| $9? »
A *
¢ a7 o o R
. 4 0.58 GeV
*{) 0”0’,
Q”i O.’
*oy— =¥
+ ° ® .O
0g0®
" 042 GeV* -
| ",
?+’ﬁ0” ‘9’ 7]
.“.—. .;L
* o o. 27,
o o 0.26 GeV
.
Q; oo ]
oo |
° ?‘ y 0.10 GeV’
ok . l L i i
0.5 1

A fesenance

Note! (32,’,3 -G

O PE f"‘ the pesongace

- 'rab S,



Fo ture. C‘ﬁv measure ments over a wile X-raye
Could test These Sawm rules:

Moments and Sum Rules

1
/ x" gz, Q2)da: =
0 | |

1
/ "oz, Q%)dz =
0 |

1
2n +
| 1 n+1
= d, = 2 gl(:c) + ——-——gg(a:) d:z: n=24,..
° | ~ xe) *

Twe‘si' 3 mafm‘x e(emen'é"
Theoretically Calculable

Burkhardt-Cottingham Sum Rule

1 : |
/ gz(a:., Q2)dw =0, as Q% > oo
. _

Expeanmentally difficult to test because low-x
behavnor is completely unknown.

Ao vald o Faite G
¥ PLR 353,107 (195) [, Ste etal,



RESULTS FOR Q’-AVERAGED xgy
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THE TWIST-3 d; MATRIX ELEMENT|

dz = 3 fo x*ga(x, Q%) g3 "' (x, Q%)|dx
E155X: 0.0025 4 .0016 -+ .0010(proton)

0.0054 + .0023 4 .0005(deuteron)
\VERAGE: 0.0032 + .0017(p)  0.0079 + .0048(n)
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Exmﬁm&nt E01-012
Measurement of neutron (°He) spin structure functions in the .
| resonance region.

Spokespeople: N. Liyanage, J. P. Chen, S. Choi

1. A precision measurement of neutron spin structuré functions in the resonance region up

to Q% = 5.5 GeV>.
Test quark-hadron duality in spin structure functions.
A first test of spin-ﬂavdr dependence of duality -

2. If duality established
Powerful tool to study very high = behavior.

3. Understanding quark-hadron duality will help us understand confinement of
quarks in protons and neutrons

n i ’
81 oW
: Aa ! al *
5 ﬂ ' N ‘4
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0.078 }- ‘m“'
0.1 —% +
i T A Proposed measurement,
0128 |- Q*=1.3 (GeV/c)
O E154 DIS data,
018 - Q=5 (GeV/c)?
- 0178 |- O E143 Resonance dota,
. Q*=1.3 (GeV/c)
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SUMMARY

(Vearty)
» DIS: All DIS results from SLAC, HERMES, SMC/EMC now pub-
lished. Bjorken Sum rule satisfied. Spin of nucleon not primarily
carried by quark spin.  HE RMES dlewteron?

» Large-z region: New precision data from JLab E99-117 show A7
increasing with z for the first time. Now able to discriminate between
~ models in valence quark region. |

* ¢, in resonance region: New precision data for both proton and neu-.
tron coming from all three Halls at Jefferson Lab. Allow careful study
of hadronization of nucleon, quarks—nucleon, pQCD—->n0n~pQCD
Precision determination of Q2 evolution of GDH sum rule.

» ¢» structure function: New precision data from SLAC (E155x) and
JLab now allow us to quantlfy specific higher-twist contributions to
- nucleon.

» Spin Duality: Approved experiment to look for duality in spin struc-
ture functions. If duality holds, opens new door to studying large-z
region.

» Future: Rich program of nucleon spin structure studies using inclu-
- sive scattering at 12 GeV at Jefferson Lab, A, ¢».

» Not covered: Semi-inclusive physics at HERMES, JLAB. AG at COM-
- PASS, SLAC, RHIC. Ttansversuy, DVC(CS......



Many Thanks for Plots and Analyses

» DIS: SLAC E142-E155x collaborations, HERMES, SMC/EMC
See hep-ph/0203155 for references.

o NLO:J. Blﬁmlein, H. Béttcher, hep-ph/0203155

~#» A%, E9O-1 17 X. Zheng, JLab polarized 3He and Hall A collab., J.P. Cheu,
G. Cates, Z.E. Meziani, P. Souder

» Resonance, E94-010-A. Deur, S. Choi,. nucl-ex/0205020
~ Hall B/CLAS collaboration, S. Kuhn, K. Griffioen, R. DeVita
E01-006-O. Rondon, F. Wesselmann, /. Tones -

» g2: SLAC E155x collab., E97-103 K. Kramer, W. Korsch
» Spin Duality: N, Liyanage, I.P. Chen, S. Choi



